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Description 

[LIQUID CRYSTAL ON SILICON PANEL 
AND DRIVING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93110067, filed on April 12, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention generally relates to a liquid crystal panel, 
and more particularly to liquid crystal on silicon (LCOS) 
panel and the driving method thereof. 

[0004] Description of Related Art 

[0005] The liquid crystal display (LCD) has been widely used to 
replace the CRT recently. The LCD has the advantages of 
low power consumption, lightweight, high resolution, high 
color saturation, and long lifetime. Hence, the LCD has 
been applied as the display for the electronic products 
such as the laptop or desktop computer and the LCD TV. 



The liquid crystal panel is the key factor to the quality of 
the LCD. 

[0006] FIG. 1 is a block diagram of a traditional thin film transis- 
tor liquid crystal panel. In FIG. 1, the source driver 110 
drives a plurality of source lines 112 -118 (a.k.a. data 
lines) for driving the pixels. The gate drive 130 drives a 
plurality of gate lines 132-138 (a.k.a. scan lines). The dis- 
play area 120 includes a plurality of transistors 152-168 
and the liquid crystal capacitors 181-197. 

[0007] jhe operation of the liquid crystal panel is as follows: 

driving one gate line at a time, e.g., gate line 132, to turn 
on all transistors 152-156 on the gate line 132, and in- 
putting the pixel data via the source lines 112-118 to 
drive the liquid crystal capacitors 181-185; driving the 
next gate line, e.g., the gate line 134, and inputting the 
pixel data via the source lines 112-118 to drive the liquid 
crystal capacitors 187-191. By driving the liquid crystal 
capacitors 181-197 in the display area 120 in sequence, 
the entire image can be displayed. 

[0008] FIG. 2 is a block diagram of a traditional thin film transis- 
tor liquid crystal panel with 800x600 resolution. The thin 
film transistor liquid crystal panel includes the source 
driver 210, the display area 220 and the gate driver 230. 



The display area 220 has 800x600x3 sub-pixels to pro- 
vide 800x600 resolution. I.e., each pixel includes R, C, 
and B sub-pixels. When the gate driver 230 drives a gate 
line, the source driver 210 will drive the 800x3 sub- 
pixels. Obviously, this driving method causes higher cir- 
cuit complexity, higher power consumption and higher 
production cost because the source drive 210 has higher 
circuit complexity, higher power consumption and higher 
production cost than the gate drive 230. 
[0009] FIG. 3 is a block diagram of another traditional thin film 
transistor liquid crystal panel with 800x600 resolution. 
The thin film transistor liquid crystal panel includes the 
source driver 310, the display area 320 and the gate 
driver 330. The display area 320 has 800x600x3 sub- 
pixels to provide 800x600 resolution. The display area 
320 has 800x600x3 sub-pixels to provide 800x600 reso- 
lution. When the gate driver 330 drives a gate line, the 
source driver 310 will drive the 800 sub-pixels. Only 
when the gate driver 330 drives three gate lines continu- 
ously, can the pixels including R, G, and B sub-pixels on 
the same row of the display area 320 be driven. Although 
this driving method can reduce the circuit complexity, 
power consumption and production cost of the source 



driver 310, it will face the bottleneck when trying to in- 
crease the frame rate because the gate driver 330 has to 
process data 3 times as many as the gate driver 230 of 
FIG. 2 during the same scan time. 

[0010] Recently, the liquid crystal display technology has been 
applied to the LCD projector. Because the liquid crystal 
panel adopted by the LCD projector has to take the image 
resolution into account, most LCD projectors will adopt 
the LCOS panel because of its high resolution. 

[0011] Generally, a LCOS panel is a liquid crystal device on the 
silicon substrate. The LCOS panel uses the MOS transis- 
tors as the active devices. These active devices can drive 
the liquid crystal via the reflective electrode coupled to 
the active devices to display the image. Because the LCOS 
panel is on the silicon substrate, it has a compact size and 
provides high resolution, which meet the compact-size 
requirement for the LCD projectors. However, the struc- 
ture and the driving method thereof should be improved. 
Summary of Invention 

[0012] The present invention is directed to a LCOS panel and a 
driving method thereof to reduce the product cost of the 
drivers without sacrificing the frame rate. In addition, be- 
cause of the discrete design of the even column driver and 



odd column driver, the width for the layout of the column 
driver can be double. 

[0013] The present invention is directed to a liquid crystal panel, 
comprising: a display area having MxN (e.g., 800x600) 
pixels for providing MxN resolution, each of the pixels in- 
cluding K sub-pixels (e.g., R, G, and B sub-pixels); a row 
driver having IxN scan lines coupled to the display area 
(e.g., I = 2); and a column driver having JxM data lines 
coupled to the display area (e.g., J = 1.5) for cooperating 
with the row driver to complete driving M pixels on a 
same row in the display area after the row driver scans I 
times, wherein \x] = K, and 1 < I, J < K. 

[0014] In an embodiment of the present invention, the column 

driver includes: an even column driver for driving an even 
portion of the JxM data lines in the display area (e.g., 
when J = 1.5 and M = 800, 800x1.5/2 = 600 data lines 
can be driven); and an odd column driver for driving an 
odd portion of the JxM data lines in the display area (e.g., 
the other 600 data lines can be driven). After the row 
driver scans twice, the 800 pixels on a same row in the 
display area will be driven; i.e., 800x3 = 2400 sub-pixels 
are driven. 

[0015] The present invention is directed to a method for driving a 



liquid crystal panel having a display area having MxN 
(e.g., 800x600) pixels for providing MxN resolution, each 
of the pixels including K sub-pixels (e.g., R, G, and B sub- 
pixels), the method comprising: scanning IxN scan lines 
(e.g., I = 2) in the display area in sequence; and providing 
JxM sub-pixel data(e.g., J = 1.5) to theJxM data lines in 
the display area after scanning each of the IxN scan lines 
to complete driving M pixels on a same row in the display 
area after scanning the scan lines for I times; wherein IxJ 
= K, and 1< l,J < K. 

[0016] In light of the above, because the LCOS panel and the 

driving method thereof, according to an embodiment of 
the present invention, will complete driving the MxK sub- 
pixels after scanning I times (I < K), it can reduce the cost 
on the drivers without sacrificing the frame rate. In addi- 
tion, because of the discrete design of the even column 
driver and odd column driver, the width for the layout of 
the column driver can be double. 

[0017] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 



appended claims. 
Brief Description of Drawings 



[0018] FIG. 1 is the block diagram of a traditional thin film tran- 
sistor liquid crystal panel. 

[0019] FIG. 2 is a block diagram of a traditional thin film transis- 
tor liquid crystal panel with 800x600 resolution. 

[0020] FIG. 3 is a block diagram of another traditional thin film 
transistor liquid crystal panel with 800x600 resolution. 

[0021] FIG. 4 is a block diagram of a LCOS panel with 800x600 
resolution in accordance with an embodiment of the 
present invention. 

[0022] FIG. 5 shows the arrangement of the sub-pixels of a LCOS 
panel with 800x600 resolution in accordance with an em- 
bodiment of the present invention. 
Detailed Description 

[0023] FIG. 4 is a block diagram of a LCOS panel with 800x600 
resolution in accordance with an embodiment of the 
present invention. As shown in FIG. 4, the LCOS panel in- 
cludes the display area 420, the row driver 430, and the 
column driver including the even column driver 411 and 
the odd column driver 412. The row driver 430 controls 
the on/off of the pixel transistors via the scan lines cou- 



pled to the gates of the pixel transistors (not shown) in 
the display area 420. The even column driver 411 and the 
odd column driver 412 send the pixel data to the pixel 
electrodes (not shown) via the data lines coupled to the 
sources of the pixel transistors (not shown) in the display 
area 420. The reason to divide the column driver into the 
even column driver 411 and the odd column driver 412 is 
to double the layout width of the column driver. Another 
alternative design is to combine the even column driver 
411 and the odd column driver 412 into a single column 
driver. 

[0024] As shown in FIG. 4, the display area 420 includes 

800x600 pixels for providing 800x600 resolution. Each of 
the pixels includes R, G, and B sub-pixels. The arrange- 
ment for different color sub-pixels is for example shown 
in the display area 520 of FIG. 5. The arrangement shown 
in FIG. 5 is used to illustrate the sequence of the data 
transmission and should not be used to limit the scope of 
the present invention. 

[0025] The row driver 430 has 2x600 scan lines coupled to the 
display area 420. Each of the even column driver 411 and 
the odd column driver 412 has 800x1.5/2 = 600 data 
lines coupled to the display area 420. I.e., the 800 pixels 



in each row of the display area 420 include the data of 
800x3 = 2400 sub-pixels. Hence, after the row driver 430 
scans twice, the 800 pixels on a same row in the display 
area will be driven; i.e., 800x3 = 2400 sub-pixels are 
driven. 

[0026] Referring to FIG. 5, the right side of FIG. 5 is the sequence 
of the pixel data transmitted via the data bus. RO, GO and 
BO respectively represent the pixel data to drive the sub- 
pixel RO, GO, and BO; Rl, Gl and Bl respectively represent 
the pixel data to drive the sub-pixel Rl, Gl and Bl; R2, 
G2 and B2 respectively represent the pixel data to drive 
the sub-pixel R2, G2 and B2, etc. When T = 0, the data 
bus receives the pixel data of RO, GO, and BO. At the time, 
the pixel data of RO and BO will be sent to the even col- 
umn driver 411 and the pixel data of GO will be sent to 
the odd column driver 412 based on the arrangement of 
the sub-pixels. When T = 1, the data bus receives the 
pixel data of Rl, Gl, and Bl. At the time, the pixel data of 
Bl and Gl will be sent to the even column driver 411 and 
the pixel data of Rl will be sent to the odd column driver 
412 based on the arrangement of the sub-pixels. When T 
= 2, the data bus receives the pixel data of R2, G2 and B2. 
At the time, the pixel data of R2 and B2 will be sent to the 



odd column driver 411 and the pixel data of G2 will be 
sent to the even column driver 412 based on the arrange- 
ment of the sub-pixels. 

[0027] Referring to FIGs. 4 and 5, when the row driver 430 of FIG. 
4 drives the scan line GateO, the even column driver 411 
would respectively drive the pixel data of RO, Bl, G2, etc. 
to the data lines coupled to the sub-pixels RO, Bl, G2, 
etc.; the odd column driver 412 would respectively drive 
the pixel data of GO, R2, B3, etc. to the data lines coupled 
to the sub-pixels GO, R2, B3, etc. When the row driver 430 
of FIG. 4 drives the scan line Gatel, the even column 
driver 411 would respectively drive the pixel data of BO, 
Gl, R3, etc. to the data lines coupled to the sub-pixels 
BO, Gl, R3, etc.; the odd column driver 412 would respec- 
tively drive the pixel data of Rl, B2, G3, etc. to the data 
lines coupled to the sub-pixels Rl, B2, G3, etc. Hence, af- 
ter the row driver 430 scans the scan lines GateO and 
Gatel, it completes driving the 800 pixels (which includes 
2400 sub-pixels such as RO, GO, BO, Rl, Gl, Bl) on a 
same row in the display area 520. 

[0028] Therefore, the method for driving the LCOS panel is as 

follows: scanning IxN scan lines (e.g., I = 2) in the display 
area in sequence; and providing JxM sub-pixel data(e.g., J 



= 1.5) to the JxM data lines in tlie display area after scan- 
ning each of the IxN scan lines to complete driving M pix- 
els on a same row in the display area after scanning the 
scan lines for I times; wherein IxJ = K, and 1 < I, J < K. 
[0029] It should be noted that the row driver 430 can be divided 
into even and odd row drivers disposed at the two sides of 
the display area 420 respectively (not shown). In addition, 
the method for driving row is not limited to be from the 
top to the bottom. It can be from the bottom to the top. 
Likewise, the method for driving column is not limited to 
be from the left to the right. It can be from the right to the 
left. 

[0030] In addition, because the present invention is applied to 
the liquid crystal panel, the pixels can be, but not limited 
to, arranged in a delta manner as shown in FIG. 5. The 
pixels can also be arranged in a stripe line or a mosaic 
line manner. 

[0031] Further, the driving timing sequence is generated by the 
timing sequence control circuit. Hence, the driving 
method of the present invention can be applied to a tim- 
ing sequence control circuit. 

[0032] In light of the above, the present invention has the follow- 
ing advantages: 



[0033] 1. Because the LCOS panel and the driving method thereof 
of the present invention will complete driving the MxK 
sub-pixels after scanning I times (I < K), it can reduce the 
product cost of the drivers without sacrificing the frame 
rate. 

[0034] 2. Because of the discrete design of the even column 

driver and odd column driver, the width for the layout of 
the column driver can be double. 

[0035] jhe above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 



